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HIGH THROUGHPUT FABRIC HANDLE SCREENING 

TECHNICAL FIELD 
The present invention generally relates to the field of textile material 
characterization. In particular, the invention relates to high throughput fabric 
handle screening. 



Fabric handle refers to the tactile sensations associated with fabrics. 
Fabric handle is a combination of various fabric characteristics such as 
smoothness, firmness, fullness, crispness and hardness. The textile industry 
is very interested in assessing fabric handle for their products because it has 
a strong impact on consumer preference for a particular textile product. 
Historically, fabric handle has been assessed by individuals using their own 
physical senses. In an effort to avoid errors associated with the subjectivity 
involved in such assessment, objective assessment methods and instruments 
have been introduced to measure the mechanical properties associated to 
fabric handle such as bending modulus, shear stiffness, compression, friction, 
and extensibility. Studies have shown that there is a good correlation of these 
mechanical properties with human tactile response. See Kim, J.O. and 
Slaten, B. L., "Objective Assessment of Fabric Handle in Fabrics Treated With 
Flame Retardants," Journal of Testing and Evaluation, JTEVA, Vol. 24. No. 4, 
July 1996, pp. 223-228; G. Grover, Sultan, M.A., and Spivak, S. M., "A 
Screening Technique for Fabric Handle", J. Text. Inst, 1993, 84 No. J. Textile 
Institute, pp. 486-494. Nevertheless, these objective assessment methods 
and instruments present a multitude of challenges. They are time consuming 
in that they lack the ability to screen the mechanical properties associated 
with fabric handle of several fabric materials in rapid succession or in parallel. 
Thus, challenges are presented for forming systems that can quickly process 
and screen (either in parallel or in serial succession) mechanical properties 
associated with fabric handle of many fabric materials. 



BACKGROUND OF THE INVENTION 
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SUMMARY OF THE INVENTION 
The present invention provides methods for high throughput fabric 
handle screening that address many of the challenges encountered when 
using conventional methods and instruments. For example, the disclosed 

5 methods can screen for the mechanical properties associated with fabric 
handle of an array of fabric samples in parallel and/or rapid serial and can 
perform screens on small samples of fabric materials. Thus, the present 
invention provides methods of screening the mechanical properties 
associated with fabric handle of a plurality of fabric samples (e.g., assembled 

10 together in an array). 

In accordance with one preferred embodiment of the present invention, 
an array of fabhc samples is provided and all or at least two of the samples 
are protruded simultaneously. The responses of each of the samples to the 
protrusions are monitored for gathering information related to its mechanical 

15 properties associated with fabric handle such as its bending modulus, shear 
stiffness, compression, friction, and extensibility, or the like. 

In another preferred embodiment, an array of fabric samples is 
provided and the samples are protruded one at a time in a rapid serial 
fashion. The responses of each of the samples to the protrusions are 

20 monitored for gathering information relating to its mechanical properties 
associated with fabric handle such as its bending modulus, shear stiffness, 
compression, friction, and extensibility or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 shows a load-displacement curve obtained during fabric handle 

screening from an individual fabric sample of an array. 

Fig. 2 shows a perspective view of one embodiment of a parallel 
dynamic mechanical analyzer that can be used for high throughput fabric 
handle screening. 

30 Fig. 3A-B each shows a cross sectional view of a sample holder 

containing an array of fabric samples for fabric handle screening that can be 
used in a parallel dynamic mechanical analyzer for high throughput fabric 
handle screening. 
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Fig. 3 C-J each shows a cross sectional view of an opening for which 
an array sample is protruded through during high throughput fabric handle 
screening. 

Fig. 4 shows a cross sectional view of an isolation block module that 
5 separates the probe test fixtures and the array of fabric samples from the 
force sensors in a parallel dynamic mechanical analyzer. 

Fig. 5 shows a close-up cross sectional view of the probe shown in Fig. 
4, and illustrates the use of a permanent magnet to attach the test fixture to 
the threaded cylindrical core of the composite shaft. 
10 Fig. 6 shows a cross sectional view of two adjacent isolation block 

modules, and illustrates interactions of probes and force sensors in a parallel 
dynamic mechanical analyzer. 

Fig. 7 shows a perspective bottom view of one of the sensor boards in 
a parallel dynamic mechanical analyzer. 
15 Fig. 8 shows a top view of a portion of one of the sensor boards in a 

parallel dynamic mechanical analyzer. 

Fig. 9 is a flow chart for the data acquisition control for a parallel 
dynamic mechanical analyzer. 

Fig. 10 shows a perspective view of one embodiment of an automated 
20 rapid serial system that can be used for high throughput fabric handle 
screening. 

Fig. 11 shows one preferred embodiment of a sample holder that can 
be used in the automated rapid serial system. 

Fig. 12 is a flow schematic diagram of the automated rapid serial 
25 system that can be used for high throughput fabric handle screening. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention comprises methods for high throughput 
screening of a plurality of fabric samples for mechanical properties generally 
30 associated with fabric handle, by measuring the responses of individual array 
samples to protrusions. In a preferred embodiment, a plurality of fabric 
samples is assembled together to define an array of fabric samples. The 
fabric samples materials in the array can be the same or different materials. 
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The array can be supported on a single common support or a plurality of 
assembled supports. A further detailed description of the array of fabric 
samples is provided below in the section titled "Preparation of an Array of 
Fabric Samples". 

5 As used herein, the term "protrusions" generally refers to controlled 

forces or displacements applied by a probe, or device to a fabric sample for 
causing at least a portion of the fabric sample to be forced through an opening 
defined in a plane of a sample support member. Preferably a protrusion as 
used herein will be of sufficient magnitude for effecting such sample 

10 manipulation without piercing the sample. In some embodiments, however, it 
is contemplated that piercing will or desirably should occur. 

In accordance with effectuating one type of preferred protrusion, as the 
sample is passed through the opening (i.e., pushed out of the normal plane of 
the opening), it is expected to become folded, sheared, bent, compressed, 

15 elongated, or rubbed against the interior wall of the support member defining 
the opening. Responses to the protrusions are measured and recorded as a 
load-displacement curve as shown in Fig. 1. The load displacement curve 
yields the mechanical properties associated with or bearing upon fabric 
handle such as bending modulus, shear stiffness, compression, friction, and 

20 extensibility, or the like. 

Preparation of an Array of Fabric Samples 

The number of fabric samples in an array may vary depending on the 
embodiment being practiced. In some embodiments, an array will comprise 

25 four or more, eight or more, sixteen or more, twenty-four or more, or forty- 
eight or more fabric materials. Those of skill in the art will appreciate from this 
specification that members of the array may be the same or different 
materials. Fabric samples may be woven or unwoven, coated or uncoated, or 
aggregated with a suitable binder or not. The present invention is not limited 

30 to any particular type of fabric material and may include a woven material 
(e.g., batiste, chiffon, net, voile, organza, georgette, challis, chambray, 
charmeuse, crepe, dotted swiss, handkerchief linen, satin, eyelet, lace, velvet, 
taffeta, metallic, gauze, jacquard, gingham, percale, seersucker, broadcloth. 
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brocade, linen, pique, shantung, chintz, velveteen, polyester blend acrylic, 
fleece, gabardine, denim, twill, corduroy, terry, velour, canvas, duck, percale, 
tergal, flannel, lame, tricotine, etc.), a non-woven material (e.g., felt, fusibles, 
interfacing, etc.), a knit material (e.g., atlas, jersey, pointelle, raschel, mesh, 
panne velvet, tricot, rib knit, double knit, interlock, intarsia, etc.), a pile 
material (e.g., chenille, chinchilla, faux fur, frieze, grospoint, tubular, etc.), a 
blend material (e.g., cotton/silk blend, cotton/wool blend, etc.). a composite 
material (e.g., laminated, etc.), or a combination thereof. The fabric materials 
can be natural (e.g., cotton, silk, linen, wool, hemp, ramie, jute, etc.), synthetic 
(e.g., acetate, acrylic, lastex, nylon, polyester, rayon, etc.), or combination 
thereof. They can also be acrylic coated, airo finished, bleached, resin 
treated, sanded, scented, sheared, silver coated, wax coated, stonewashed, 
bonded, enzyme washed, flocked, glazed, mercerized, milled/fulled, and 
subject to other textile treatments for color, texture, bacterial resistant, soil 
resistant, oil repellent, flame resistant, pill resistant water resistant, mildew 
resistant, water repellant, wrinkle resistant, or ultra violet resistant, etc. 
Standards (such as calibration standards) or blanks may be employed in the 
array for known scientific purposes. In this regard, the present invention is 
particularly attractive for the screening of effects of variations of textile 
treatments and/or additives (e.g., surfactants, fillers, reinforcements, flame 
retardants. colorants, environmental protectants, other performance modifiers, 
control agents, plasticizers, cosolvents, accelerators, etc.) upon the fabric 
handle of a fabric material. 

Relative comparison of the fabric hand of array members (including for 
instance the comparison with a standard or blank) is a useful embodiment of 
this invention. Quantitative measurements of fabric hand are also provided by 
the present invention. The quantitative measurements allow comparison of 
fabric hand between the array members and other fabric materials not 
included in the array. As will be appreciated from the discussion elsewhere 
herein, in one particular embodiment, different material samples are 
compared with each other (quantitatively or qualitative, according to defined 
criteria) and their relative performance is ranked. In another particular 
embodiment, different material samples are compared to determine whether a 
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specific response has occurred in any of the material samples. From the 
analysis of the materials, sub-sets of materials can be identified for further 
study or for production in bulk-scale quantities, such as for commercial 
application. 

In regard to typical non-woven materials, and optionally to woven or 
other materials, it is preferred that fibers are aggregated in a generally 
cohesive manner. By way of example, to provide cohesion, it is preferred that 
the material is aggregated together with a suitable binder, (e.g., by applying in 
a wet state an emulsion containing waxes or polymers that, when dried, will 
form a continuous phase around the non-woven fibers). A particularly 
preferred binder for use in the present invention is an aqueous emulsion 
including a polymer (more preferably a copolymer). A more preferred binder 
also may include, a stabilizer, a surfactants, a crosslinking agent, or other 
suitable agent to impart mechanical strength to the system (e.g.. once it has 
been exposed to elevated temperature (~150°C)). The binder may add 1 to 
99, preferably 5 to 50, more preferably 10-30 percentage weight to the fabric 
material. 

What may vary from binder to binder are (1) the monomers used in the 
polymerization; (2) the order in which they are attached (random or blocky); 
(3) the surfactants; and (4) any other additives that may give the system 
unique characteristics (e.g., something that is sensitive to the presence of 
ions). One preferred binder includes an olefin, a vinyl ester, or a combination 
thereof, and an example of such a preferred binder is a copolymer of ethylene 
and vinyl acetate in an emulsion with various stabilizers. For more examples 
of suitable binders, see U.S. Patent Numbers 4605589, 4975320 and 
6043317. It is preferred that the binder should generally be uniformly 
distributed throughout the non-woven material, but it also may be randomly 
distributed. Such uniform distribution can be achieved using any number of 
conventional techniques. For example, the non-woven material immersed 
with the binder is passed through spaced opposing surfaces such as rubber- 
coated rollers with a self-adjusting gap to squeeze out any excess binder and 
provide uniform distribution. Depending on the nature of the binder (e.g., 
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Whether it contains any cross-linkable polymers), a drying step and/or a curing 
step can be used to process the non-woven material treated with the binder. 

In accordance with the teachings of the present invention, it may also 
be possible to employ the present invention for analyzing the effects of the 

5 use of different binders from sample to sample. Thus, in an array of samples, 
binders employed may be the same or different. 

The shape and size of each array sample can generally vary, 
depending on the particular characterization protocols and systems used to 
analyze the sample. It is generally contemplated that arrays of samples will 

10 be mounted for screening in or on a suitable support structure, namely a 
sample holder. Typically, the sample holder will have at least one and more 
preferably a plurality of openings defined therein. Thus, in one preferred 
embodiment, the sample size will be larger than the opening through which it 
will be forced by a probe during screening. It is preferred that the sample is at 

15 least about 2 times larger than the opening, more preferred at least about 5 
times larger than the opening, and most preferred about 10 times larger than 
the opening. It is appreciated that the present invention advantageously 
permits for attaining reliable data with relatively small samples, but the actual 
sample size is not critical. Typical sample sizes can range from about 8 mm 

20 to about 18 mm, more preferred from about 12 mm to about 18 mm, and most 
preferred from about 15 mm to about 17 mm. Larger diameters are also 
possible. 

The Parallel Dynamic Mechanical Analyzer 

25 Fig. 2 shows a perspective view of one instrument suitable for property 

analysis (i.e., screening), and specifically, a parallel dynamic mechanical 
analyzer (PDMA) 100 that can be used to conduct high throughput fabric 
handle screening of an array of fabric samples 230 by measuring responses 
of the array 230 to protrusions. Detailed description of the PDMA 100 is 

30 described in commonly owned and co-pending U.S. Patent Application Serial 
No. 09/580,024 titled "Instrument for High Throughput Measurement of 
Material Physical Properties and Method of Using Same," filed on May 26, 
2000, which is herein incorporated by reference. Generally, the PDMA 100 
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includes a sample holder 102 for containing the array 230, probes 104 for 
protruding the array 230, and sensors 106 (e.g., force sensors) for measuring 
the array's 230 responses to the protrusions. The sample holder may be a 
single integrated unit or a plurality of assembled components; likewise it may 
5 comprise a single opening in a first substrate, which is translatable (e.g., by 
robot arm) relative to a second substrate for holding sample. 

Fig. 3A shows d crosPse^fonaTview oif~d^ sample holder 

102 which is comprised\of a first plate 402 having a plurality of through-holes 

406 and a second plate\404 having a plurality of openings 407 wherein the 
10 through-holes 406 and thi openings 407 are aligned with each other forming 

tunnels 410 within the sarrtple holder 102. Since the array 230 are protruded 
through the openings 407,\heir size and shape can affect the fabric handle 
measurements and are talen into consideration in measuring the fabric 
handle of the array 230. For\nstance, each of the openings 407 preferably is 
15 large enough for the array ^mple 230 to collapse upon itself, while still 
maintaining a portion of itself irl physical contact with the walls of the opening 

407 during the protrusions. Referring to Fig. 3A, one preferred leading edge 

408 to the opening 407 must alloMlbr a smooth transition for the sample 230 
to transfer from a flat state to thdbent and folded state which occurs during 

20 the protrusions. Thus, it is preferred that the opening 407 is constructed of a 
smooth material or coated with a Wooth material (e.g., a plastic layer, a 
coating, or the like). Although the bpenings 407 can be any shape and/or 
size, it is preferred that they are funhel-shaped or otherwise a rounded or a 
tapered periphery with a diameter at thte top of each funnel that is twice of the 
25 bottom diameter, and with the height df the sloped section at least equal to 
the height of the straight section. VFor examples of other preferred 
embodiments of the openings 407 thatVnay be used during fabric handle 
screens, see Fig. 3C-J. Other variations br combinations of such structures 
are also possible. The through-holes 406 tan also be any shape or size as 
30 long as they do not restrict or inhibit the protrusions of the array 230 by the 
probes 104. Furthermore, depending on the\ direction of the protrusions, the 
first plate 402 may be placed above the secand plate 404 with its openings 
407 as shown in Fig. gA, or vice v ersa, as show kin Fig ,.3B._. ..^ _ ^^--.^ 
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Referring to Fig. 3A, a gap of suitable size 412, e.g., preferably about 1 
mm, more preferably about 3 mm, exists between the first plate 402 and the 
second plate 404. The gap 412 can be formed by any number of art 
disclosed techniques. For example, spacers 413 such as beads or two 

5 standard washers (e.g., .5 mm each) can be placed between the first plate 
402 and the second 404 to create a gap of approximately 1 mm. The array 
230 is placed between the first plate 402 and the second plate 404 of the 
sample holder 102 with the individual array samples 230 confined to specific 
locations 414 on the sample holder 102. Referring to Fig. 3C, it is preferred 

10 that each opening 407 is surrounded by an indentation 409 in the second 
plate 404 that restricts any horizontal movement of its respective sample 230. 
It is also preferred that there is a one to one correspondence between the 
specific locations 414 and the openings 407. Additionally, it is preferred that 
the samples 230 do not overlap each other but each sample 230 is sized to 

15 include and extend beyond the regions defined by the diameter of the opening 
407. It is preferred that each sample 230 is at least about 2 times larger than 
the diameter of the opening 407, more preferred at least about 5 times larger 
than the diameter of the opening 407, and most preferred about 10 times 
larger than the diameter of the opening 407. The particular sample holder 

20 102 shown in Fig. 2 and Fig. 3 contains an 8-by-12 rectangular array of fabric 
samples 230 located on 9 mm centers. However, the sample holder 102 can 
be designed to contain any number of samples in an array. For example, the 
sample holder 102 can be designed to contain 4 or more, 8 or more, 16 or 
more, 24 or more or 48 or more samples in an array. Those of skill in the art 

25 will appreciate that this is simply a matter of design choice and the invention 
herein is not limited to the specific embodiments described in detail. 

The PDMA 100 generally has as many probes 104 as desired. For 
example there may be as many as there are samples in the array 230, 
although for clarity. Fig. 2 shows only two probes 104. In the embodiment 

30 shown in Fig. 2, the probes 104 have the same lateral spacing as the tunnels 
410 or openings 407 so that one probe 104 is associated with one opening 
407 or sample 230. Alternatively, the PDMA may employ fewer probes 104 
than samples in the array 230, so that a group of probes 104 protrudes 
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multiple samples 230. It is preferred that the PDMA 100 includes a translation 
mechanism capable of three-dimension motion, which is attached to this 
group of probes 104 or to the sample holder 102 to allow high throughput 
serial-parallel screening. Alternatively, there may be more probes 104 than 
samples in the array 230. Alternatively, there may be only one probe 104 and 
the PDMA 100 includes a translation mechanism capable of three- 
dimensional motion, which is attached to the single probe 104 or to the 
sample holder 102 to allow high throughput screening in a rapid serial fashion. 



The POKP^ TcS^HIdes^l^ one actuator forlnoving the probes 
104 and the sampled 230 in relation to each other. In one preferred 
embodiment, the actuators are attached to the probes 104 and the samples 
230 remain stationary. \n another preferred embodiment, the actuators are 
attached to the sample hfljider 102 and the probes remain stationary. In yet 
another preferred embodirfient, both the probes 104 and the sample holder 
102 have actuators attachedlallowing them to both become non-stationary. In 
an exemplary preferred embodiment, the PDMA 100 includes first 110 and 
second 112 translation actuatVs for displacing the array 230 in^a^ection 
normal 114 to surfaces cental rung the array 230 and the (endsjn6/of the 
probes 104. The first translatLi_astu^^ 110, which is attached to the 
sample holder 102 via J]rjOU^^^^1i6^at surrounds the second translation 
actuator 112, provides relatively^Wse displacement of the sample holder 
102. A useful first translation actudtor 110 includes a motorized translation 
stage available from POLYTEC PI u)»der the trade name M-126 Translation 
Stage, which has a translation range Qf 25 mm and a resolution of 0.1 ^m. 
The second translation actuator 112, which is attached directly to the sample 
holder 102, provides relatively fine displacement of the sample holder 102. A 
useful second translation actuator 112 iViludes a preloaded piezoelectric 
stack available from Polytec PI under the trade name P;^3 LISA Linear PZT 
Stage Actuator, which has a translation ranbe of 30 (m/and can provide a 
100-N pushing force and a 20-N pulling fo?ce. The PDMA 100 typically 
controls the first 110 and second 112 translaticJin actuators using a DC motor 
controller and an amplifier/position servo contr^ijler, respectively, which are 
linked to a suitable general-purpose computer (ndf shown). In an alternative 
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embodiment, the first 110 tttanslation actuator is mounted on an x-y translation 
stage (not shown), which alows movement of the sample holder 102 in a 
direction substantially parallel l\the surfaces containing the array 230 and the 
ends of the probes 104. This l^er embodiment is useful when the sample 
holder 102 must be moved laterall^to align different groups of array samples 
230 with the probes 104 during sdteening— i.e., when the PDMA employs 
fewer probes 104 than samples in this array 230 and the probes 104 are 

stationary A-^ ^^,. . - . - - 

Each of the probes 104 includes a test fixture 118 that contacts one of 
the sensors 106 through a solid or composite shaft 120 shown in phantom in 
Fig. 2. Each shaft 120 passes through an aperture 122 in an isolation block 
module 124 that separates the probe test fixture 118 from the sensor 106. 
For clarity. Fig. 2 shows only two isolation block modules 124, although this 
embodiment of the PDMA 100 ordinarily includes twelve such modules 124— 
one isolation block module 124 for each row of eight probes 104. 
Alternatively, the PDMA may include a single isolation block for separating the 
probe test fixtures 118 from the sensors 106. For reliable measurements, 
each test fixture 118 should contact its associated sample 230 in a specific 
location 108 on the sample holder 102. This requires a mechanism for 
locating the composite shaft 120 along a line extending from the center 126 of 
a particular sensor 106, normal to the surface of the array 230. Although 
conventional linear bearings can be used to align the composite shaft 120, 
friction between the linear bearings and the shaft 120 limits the displacement 
resolution at low force levels. In addition, the PDMA can also use air 
bearings, but the size and expense of air bearings often make them 
impractical for use with a PDMA employing relatively large numbers of probes 
104. 

Fig. 4, which illustrates the use of two flexure strips 150 to align the 
probes 104 with the samples 230, shows a cross-sectional view of one of the 
isolation block modules 124 as seen through a cutting plane containing 
centerlines of the apertures 122 shown in Fig. 2. The flexure strips 150 are 
sandwiched between generally planar surfaces of upper 152 and intermediate 
154 segments of the isolation block module 124 and between generally planar 
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surfaces of the intermediate 154 and lower 156 segments of the isolation 
module 124. The two flexure strips 150 shown in Fig. 4 comprise relatively 
thin (from about 10 ^m to about 100 i^m) rectangular membranes having 
spaced-apart holes that are substantially aligned with each composite shaft 
5 1 20 within the apertures 1 22 of the isolation block modules 1 24. 

As shown in Fig. 4, the composite shaft 120 is comprised of a rigid, 
substantially cylindrical core 158 and a thermally insulating outer sheathing 
having upper 160, intermediate 162, and lower 164 sections that are threaded 
onto the core 158. When installed in the apertures 122, the abutting ends of 
10 the upper 160 and intermediate 162 sections of the sheathing and the 
intermediate 162 and lower 164 sections of the sheathing lie in planes 
containing the two flexure strips 150. Since the diameters of the core 158 and 
the holes in the flexure strips 150 are about the same, the periphery of the 
holes are clamped between the abutting ends of the upper 160, intermediate 
15 162, and lower sections of the sheathing. The flexure strips 150 are also 
clamped along the periphery of each aperture 122, adjacent interfaces 
between the upper 152, intermediate 154. and lower segments 156 of the 
isolation block module 124. The resulting clamped membranes or 
diaphragms 166, which span annular gaps 168 between the shafts 120 and 
20 the isolating block module 1 24, support and align the probes 104. 

The geometry of the diaphragms 166 makes each of the flexure strips 
150 compliant for displacements normal 114 to the surface supporting or 
containing the array 230, but mechanically stiff for displacements parallel to 
the array 230. The use of two flexure strips 150 also makes each 
25 combination of shaft 120 and diaphragms 166 mechanically stiff for angular 
displacements away from the direction normal 114 to the surface of the array 
230. Moreover, through proper selection of materials and dimensions, the 
flexure strips 150 exhibit effective spring constants— for displacements normal 
114 to the array 230— substantially less than effective constants of the 
30 sensors 106. In this way, the flexure strips 150 ordinarily exert minimal 
influence on the measured responses to protrusions, unless they are used to 
"pre-load" the sensors 106 as discussed below. Useful materials for the 
flexure strips 150 include metallic and polymeric films. For example, one 
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particularly useful flexure strip material is polyimlde film, which is available 
from DuPont under the trade name KAPTON in thickness ranging from about 
from about thirteen ^m to about one hundred twenty five nm. Other useful 
flexure materials include stainless steel foil, diaphrams (in general) and 
5 corrugated bronze, for example, the flexure may be mechanically machined 
stainless steel. Since the effective spring constants of the diaphragms 166 
and typical sensors 106 are temperature-dependent, the use of thermally 
insulating sheathing 160. 162, 164 on the shafts 120 permits the PDMA 100 
to vary the temperature of the arrays 230 without significantly affecting the 
10 measured response. 

For the high throughput fabric handle screening, it is preferred that the 
PDMA 100 employs a probe 104 having a blunt end (not shown) for 
protruding the array 230. Alternatively, the probe 104 can be equipped with a 
blunt end test fixture 118 for protruding the array 230. The PDMA 100 may 
15 provide a mechanism for removing and securely attaching the test fixtures 
118. Suitable attachment mechanisms include mechanical and 
electromagnetic couplings, as well as devices employing permanent magnets. 
Fig. 5 shows a close-up cross sectional view of the probe 104 shown in Fig. 4, 
and illustrates the use of a permanent magnet 190 to attach the test fixture 
20 1 18 to the threaded core 158 of the composite shaft 120. As shown in Fig. 5, 
the probe 104 includes a base 192 having first 194 and second ends 196 that 
adjoin, respecfively, the test fixture 118 and the upper section 160 of the 
thermally insulating outer sheathing. A substantially cylindrical bore 198 
extends partway into the base 192 and is sized and threaded to connect the 
25 core 158 of the shaft 120 to the second end 196 of the base 192. The test 
fixture 118 is removably attached to the first end 194 of the base 192 by 
magnetic flux originating from the permanent magnet 190 that is embedded in 
the base 192 of the probe 104. A tubular magnetic shield 200, which typically 
has a lower modulus than either the probe base 192 or the permanent magnet 
30 190, is wedged into an annular space between the probe base 192 and the 
permanent magnet 190. The shield 200, which helps secure the magnet 190 
within the probe base 192, extends outward from the first end 194 of the base 
192 and mates with a substantially circular slot 202 formed in the test fixture 



13 



Attorrl^Pbcket No. 1012-109 
Express Mail Label No. EL806679778US 

104. The slot 202 is sized to receive the tubular shield 200 with minimal 
interference, and the shield 200 has a tapered end 204 that helps guide it into 
the slot 202 during attachment of the test fixture 118 to the probe base 192. 
In the embodiment shown in Fig. 5. the test fixture 1 1 8 and the test fixture 1 1 8 
and the probe base 192 include flanges 206, 208 for accessing them during 
removal or attachment. 

As can be seen in Fig. 5, the test fixture 118, the base 192. and the 
shield 200 enclose the permanent magnet 190, which helps minimize stray 
magnetic flux that may influence sample measurements of nearby probes 
104. Generally, the probe 104 components are made from materials having a 
high magnetic permeability— a relative permeability substantially greater than 
unity— to ensure effective magnetic shielding. Suitable materials include 
nickel-iron alloys containing copper, molybdenum, or chromium and mixtures 
thereof. A particularly useful shielding material is available under the trade 
name HI-PERM 49 from Carpenter Technology. Other useful shielding 
materials include cold-rolled steel that has been chrome-plated to resist 
corrosion. The permanent magnet 190 should be fabricated from a material 
that provides sufficient force to secure the test fixture 118 to the probe base 
192 during screening. Useful permanent magnets 190 include samarium 
cobalt magnets, ceramic ferrite magnets, aluminum-nickel-cobalt magnets, 
and neodymium-iron-boron magnets. 

Fig. 6 illustrates interactions of the probes 104, the sensors 106, and 
the array of fabric samples 230. Fig. 6 shows a cross sectional view of the 
PDMA 100 of Fig. 2 taken from a plane that cuts through the two isolation 
block modules 124 and contains centerlines of two adjacent probes 104. 
During screening, each test fixture 118 portion of the probes 104 interacts 
with an individual array sample 230, which is positioned at a specific location 
414 of the sample holder 102 over an opening 407. Movement of the sample 
holder 102 in a direction normal 114 to the surface of the array 230 results in 
forces that are transmitted to the sensors 106 via each probe test fixture 118, 
probe base 192, and composite shaft 120. Each composite shaft 120, which 
includes a rigid core 158 and thermally insulating outer sheathing 160, 162, 
164, contacts the force sensor 106 directly or indirectly as discussed below. 
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The relatively large footprint of each sensor 106 shown in Fig. 6 makes 
it impracticable to mount all of the sensors 106 on a single plane while 
maintaining 9 mm spacing between centers 126 of adjacent sensors 106. Of 
course, using sensors with smaller footprints may allow for mounting in a 
single plane. To provide 9 mm spacing, the PDMA 100 employs sensors 106 
mounted on first 232 and second 234 sensor boards, which rest on upper 236 
and lower 238 rigid support plates, respectively. Both support plates 236, 238 
include holes that extend from top surfaces 240, 242 of the plates 236, 238 to 
bottom surfaces 244, 246 of the plates 236, 238. The holes are arrayed on 9 
mm centers, and are either threaded or non-threaded. Non-threaded holes 
248 in the upper support plate 236 are substantially aligned with through- 
holes 250 in the first sensor board 232. The non-threaded holes 248 and the 
through-holes 250 are sized to provide passageways for rods 252 that 
transmit forces from the composite shafts 120 to sensors 106 mounted on the 
second (lower) sensor board 234. The PDMA 100 thus maintains the most 
preferred spacing by distributing the force sensors 106 among two boards 
232, 234— thereby doubling the surface area available to mount the force 
sensors 106— and by arranging the sensors 106 so their centers 126 are 9 
mm apart when projected on the surface of the array 230. When using 
smaller sensors or when 9 mm spacing is not desired, the PDMA may 
dispense with one of the two sensor boards. As many sensor boards as is 

practical for a particular embodiment may be employed. 

Fig. 7 and Fig. 8 provii^e further details of the sensors 106 and sensor 
boards 232, 234, showing respectively, a bottom perspective view and a 
close-up top view of the first sen\pr board 232. The first 232 and second 234 
sensor boards generally comprisk a flexible multi-layer dielectric sheet 270 
(e.g., polyimide) and a rigid frame 272 (e.g., FR-4 epoxy glass laminate) that 
is bonded to the periphery of the diel^tric sheet 272. Electrically conductive 
traces 274 are embedded on top 276 dr bottom surfaces 278 of the dielectric 
sheet 270, or between layers of the flexible sheet 270, forming a double-sided 
flex circuit 280. Each sensor 106 is mouWd on the top surface 276 of the 
flex circuit 280, and leads 282 on theVensors 106 are connected to 
conductive traces 274 that terminate at a standard card edge connector 284. 
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Conventional ribbon cables ca\be used to link the card-edge connector 284 
with peripheral recording and\ control devices (not shown) allowing 

comm unication between the sens oib 1 06 andjhej3eriph^l_^ 

As shown in Fig. 7, the first 232 and second 234 sensor boards include 
generally planar stiffeners 286 (e.g., FR-4 epoxy glass laminates) attached to 
the bottom surface 278 of the sensor boards 232, 234 directly below the 
sensors 106. Each of the stiffeners 286 has about the same footprint as the 
sensors 106, and helps distribute loads on, and prevent bending of, the 
sensors 106. Note however, the stiffeners 286 do not prevent movement of 
the sensors 106 in a direction normal 114 to the array 230 since the sensors 
106 are mounted on the flexible dielectric sheet 270. Although other 
embodiments can use rigidly-mounted sensors, the PDMA 100 shown in Fig. 
2 uses sensors 106 mounted on the flex circuit 280 to allow "pre-loading" of 
the sensors 106 as discussed below. Pre-loading may of course be 
performed by other methods, which those of skill in the art will appreciate from 
a review of this specification. Furthermore, a detailed discussion of "pre- 
loading" is set forth in the commonly owned and co-pending U.S. Patent 
Application Serial No. 09/580,024 titled "Instrument for High Throughput 
Measurement of Material Physical Properties and Method of Using Same," 
filed on May 26, 2000, which has been incorporated by reference. 

The first sensor board 232 shown in Fig. 8 also includes a plurality of 
through-holes 250 that are located between the sensors 106. Following 
assembly of the PDMA 100, the through-holes 250 are substantially aligned 
with unthreaded holes 248 in the upper support plate 236 (Fig. 6). As noted 
above, the unthreaded holes 248 in the upper support plate 236 provide 
passageways for rods 252 that transmit forces from the composite shafts 120 
to sensors 106 mounted on the second (lower) sensor board 234. Thus, the 
centers 126 of the sensors 106 and the through-holes 250 of the first sensor 

board 232 are arrayed on 9 mm centers. 

Referring to Fig. 6-8, tl^aded holes 288, 290 in the upper 236 and 
lower 238 support plates are sizdd to receive set-screws 292 that the PDMA 
100 can use to pre-load each of tlXsensors 106 mounted on either the first 
232 or second 234 sensor boards. noted in the description of Fig. 4, the 
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flexure strips 150 used to align the probes 104, are compliant for 
displacements normal 114 tb the plane containing the array 230, but are 
mechanically stiff for displacements in other directions. Moreover, the 
effective spring constants of thfe flexure strips 150 are substantially less than 
the spring constants of the stensors 106 so that the flexure strips 150 
ordinarily exert minimal influenceton the measured responses of the array 230 
to protrusions. However, since \he sensors 106 are mounted on the flex 
circuit 280, the set-screws 292 can\apply a force to the stiffeners 286 and the 
sensors 106 in absence of a force ob the test fixture 1 18. A force recorded by 
the sensors 106 will therefore be the Isum of the force acting on the test fixture 
118 and the pre-load force. Since mahy commercial force sensors can detect 
only tensile or compressive loads, pre-loading permits a compressive sensor 
to detect small tensile loads, or a tensilte sensor to record small compressive 
loads, expanding the capabilities of thl PDMA 100. Note that the lower 
support plate 238 and the second sensoAboard 234 both include unthreaded 
holes 294, 296 that provide access to the 4et-screws 292 in the upper support 

plate 236. -.--r- ■ r-.^^ - - 

The PDMA 100 can use a wide variety of sensors 106, including 
miniature force sensors. Most of the sensors 106 incorporate signal 
conditioning electronics. Suitable force sensors include piezoresistive 
micromachined silicon strain gauges that form a leg of a conventional 
Wheatstone bridge circuit. A useful low-compliant force sensor is available 
from Honeywell under the trade name FSL05N2C. The Honeywell force 
sensor has a 500-g range (4.9 N full scale), which is suitable for most of the 
screening methods described in subsequent sections. As noted earlier, many 
force sensors can tolerate only modest variation in temperature without 
compromising accuracy and precision. The use of a composite shaft 120 
having an insulating sheathing 160, 162, 164 (Fig. 4) permits substantial 
temperature variation of the array 230 without significantly affecting the 
temperature and accuracy of the sensors 106. 

In an alternative embodiment, force sensors are incorporated into the 
flexure strips 150 by placing strain gages on the diaphragms 166 (Fig. 4). 
Strain resulting from the application of a known force— typically a deadweight 
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load applied to the rigid shaft 120— is recorded and used to develop a 
calibration curve for the force sensor. The principal disadvantage of this 
approach is the extensive signal conditioning requirements associated with 
strain gage measurements. 

Referring again to Fig. 2 and Fig. 4, the PDMA 100 may include an 
environmental chamber (not shown) that encloses the sample holder 102, the 
probes 104, and the upper 152 or intermediate 154 segments of the isolation 
block modules 124 that control the environment (e.g., temperature, humidity, 
etc.) of the samples 230. The chamber may be filled with a gas of known 
composition to study its influence on the fabric handle of the samples 230. 
Generally, the annular gap 168 between the composite shafts 120 and the 
cylindrical apertures 122 is minimized to limit the flow of gas out of the 
isolation block modules 124. In addition, the flexures 150 in the annular gaps 
168 restrict gas efflux from the isolation block modules 124. 

Alternatively, the environmental chamber may comprise a substantially 
gas-tight enclosure that surrounds the sample holder 102, the probes 104. the 
isolation block modules 124, and the sensors 106. The enclosure may be 
further separated into two compartments — one that encloses the sample 
holder 102 and the samples 230, and one that encloses the sensors 106 and 
the isolation block modules 124. The latter embodiment allows blanketing the 
sample holder 102 and the samples 230 with a first gas that is different than a 
second gas blanketing the sensors 106. In this way, the PDMA can vary the 
environment of the samples 230 independently of the sensors 106, while 
maintaining the sensors 106 at conditions different than or the same as the 
laboratory environment. 

The environmental chamber may include devices for regulating and/or 
monitoring the temperature of the samples 230. Useful devices include one 
or more heating or cooling elements placed within a gas stream that feeds the 
environmental chamber containing the array 230. Other useful devices 
include an array of radiant heaters positioned adjacent to the samples 230. 
Alternatively, the PDMA 100 may include resistance heaters or thermoelectric 
devices that are attached to the sample holder 102, which heat or cool 
individual or groups of samples in the array 230. The PDMA 100 may also 
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include devices such as thermocouples, thermistors, or resistive thermal 
devices (RTD) for monitoring the temperature of individual samples 230. In 
some embodiments, the PDMA 100 includes a temperature controller, such 
as a data acquisition board, for subjecting the array 230 to a desired 
temperature-time profile. The temperature controller automatically adjusts the 
power supplied to the heating and cooling devices in response to signals 
received from the temperature monitoring devices. Typically, software 
running on an external computer communicates and coordinates functions of 
the temperature controller and the temperature monitoring devices. 

Parallel Dynamic Mechanical Analyzer Control and Data Acquisition 

Fig. 9 shows schematically a system 300 for data acquisition and 
control of the PDMA. As noted in the discussion of Fig. 2, the PDMA 100 
includes first 110 and second 112 translation actuators for displacing the array 
230 (Fig. 6) in a direction normal 114 to the probes 104. The first translation 
actuator 110 provides relatively coarse displacement of the sample holder 
102; it positions the samples 230 near the probe 104 test fixtures 118, and 
can be regulated using a DC motor controller (not shown). The second 
translation actuator 112 provides relatively fine displacement of the sample 
holder 102 and is responsible for carrying out protrusions of the individual 
samples 230. 

The second translation actuator 112 shown in Fig. 9 comprises a 
piezoelectric translation stage. A primary data acquisition board 302 (e.g.. 
National Instruments 6030E), which is located in an external computer 304, 
controls the operation of the second translation actuator 112. The primary 
board 302 generates a voltage, which is proportional to the desired 
displacement of the actuator 112 (and sample holder 102). This voltage is fed 
to a piezoelectric amplifier 306 that monitors the position of the actuator 112 
via a capacitive position sensor 308. In response to y^, the piezoelectric 
amplifier 306 varies the charge, \/2, which it supplies to the actuator 112 to 
move the sample holder 102 to its desired position. The position sensor 308 
generates a voltage, which is read by the amplifier 306 and indicates the 
actual position of the second translation actuator 112. 
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As shown in Fig. 9, the primary data acquisition board 302 and the 
external computer 304, respectively, read and record V3. In response to the 
value of V3, the primary board 302 updates Vi as necessary and generates a 
timing pulse, which triggers acquisition of V3 from the position sensor 308, 
thereby synchronizing signals Vi and V3. The acquisition of V3 also generates 
a second timing pulse, V4, which triggers acquisition of voltages Vs,/, Ve.h and 
Vj-,, from the sensors 106. Secondary data acquisition boards 310 acquire 
V5,,, Ve,,. and V7,,, where subscript refers to a particular data line (channel) of 
the data acquisition board 310. Thus, measurements of the response of the 
array 230 to protrusions are synchronized with the motion of the second 
translation actuator 112 (and sample holder 102), and the measurement of 
the actuator 112 position. Although the system 300 shown in Fig. 8 uses 
three secondary data acquisition boards 310 having 32 channels each, the 
number of boards 310 will depend on the number of available data channels 
and sensors 106. Alternatively, the PDMA may use a single data acquisition 
board to control the actuator 112 position and to acquire sensor 106 data, 
assuming the board has a sufficient number of data channels and output 
signals. 

Software running on the computer 304 coordinates the activities of the 
boards 302, 310 and allows the user to specify screen parameters including 
positions of the first 110 and second 112 translation actuators at any given 
time, the number of samples 230, and so on. 



General Methodology 

The methodology for high throughput fabric handle screening used in 
this experiment generally includes the following steps: (1) providing a plurality 
of samples of non-woven materials; (2) aggregating the materials in a binder; 
(3) placing the samples on a sample holder having a plurality of openings with 
smooth edges; (4) protruding the samples; (5) measuring the response of 
each sample; (6) comparing the samples relating to each other; (7) identifying 
the samples that meet predetermined criteria and/or ranking the samples 
based upon their individual performance; and (8) preparing bulk scale 
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quantities of a material or materials based upon the results of this high 
throughput fabric handle screening. 

Method of Screening Fabric Handle Using the Parallel Dynamic 
Mechanical Analyzer 

Referring to Fig. 3, the method of screening fabric handle using the 
PDMA 100 begins with placing the array of fabric samples 230 between the 
first plate 402 and the second plate 404 of the sample holder 102 with the 
individual samples 230 confined to specific locations 414 on the sample 
holder 102. Thereafter, the samples 230 in the sample holder 102 are 
translated in a direction normal to the ends 116 of the probes 104. 
Alternatively, as discussed above, the translation can be achieved by the 
probes 104 in a direction normal to the sample holder 102 or both by the 
probes 104 and the sample holder 102 in a direction normal to both. The 
translation is preferred to be conducted at a constant speed controlled by the 
system 300. It is also preferred that the speed is less than 10 mm per second 
but greater than about 1 mm, but more preferably about 5 mm per second. 
As the samples 230 continue to translate in the direction normal to the ends 
116 of the probes 104, they first contact the blunt ends of the probes 104 
through the through-holes 406 of the first plate 402 and then begin to fold and 
are eventually, and preferably completely, forced through the openings 407 of 
the second plate 404. This typically requires, but is not limited to, a 
translation of at least about 15 to 20 mm. The translation from the point of 
first contact between the blunt ends of the probes 104 and the samples 230 
should be a distance at least equal to, and preferably greater than, the radius 
of the samples 230. During the protrusions by the probe 104, each sample 
230 is preferably first contacted by the probe 104 at its center point and then 
becomes folded, sheared, bent, compressed, elongated, and rubbed against 
the interior wall of the opening 407. The force sensors register all the forces 
transmitted through the probe 104 and the information is transferred to the 
system 300. The output is a trace of force versus position of the sample 
holder 102 providing a load-displacement curve as shown in Fig. 1 
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In a preferred embodiment, the probes 104 have about the same 
lateral spacing as the tunnels 410 and/or the openings 407 so that there is a 
one-to-one correspondence between the individual probes 104 and the 
samples in the array 230. In addition, since the array 230 and the ends of the 

5 probes 104 also define two generally planar surfaces, the system can 
protrude all of the array samples 230 simultaneously by displacing the array 
230 (sample holder 102) and/or the probes 104 in a direction normal to the 
two surfaces. If adapted to protrude all of the array samples 230 
simultaneously, the system may include a rectilinear translation stage that is 

10 attached to the sample holder 102 or the probes 104. 

In other embodiments, the system may protrude individual or groups of 
array samples 230 in a rapid serial fashion. In these embodiments, the 
system may include a translation mechanism capable of three-dimensional 
motion, which is attached to a single probe 104, to a group of probes 104, or 

15 to the sample holder 102. 

The Automated Rapid Serial System 

Fig id shows a\peirspective view of another instrument suitable for 
screening, and specificallV an automated rapid serial system (ARSS) 500 that 

20 can be used to conduct high throughput fabric handle screening of an array of 
fabric samples by measurirvb responses of the array samples to protrusions. 
The ARSS 500 can be configured for use with parallel, serial or serial-parallel 
protocols. In a most preferred\embodiment, the ARSS 500 can be configured 
for use in a rapid serial fashion with a high sample screening throughput. 

25 Detailed description of the ARSS 500 is described in commonly owned and 

co-pending U.S. Patent Applicafbn Serial No. titled "High 

Throughput Mechanical Rapid Serial Property Testing of Material Libraries," 
(P. Mansky) filed on August 24, \oo1, which is herein incorporated by 
reference. Generally, ARSS 500 indexes a variety of robotic instruments for 

30 automatically or programmably providing predetermined motions for 
protruding an array of fabric samples\502 according to a predetermined 
protocol. ARSS 500 may be adapted oXaugmented to include a variety of 
hardware, software or both to assist it in determining the fabric hand of the 
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array members. Hardware land software for augmenting the robotic systems 
may include, but are not limitXd to. sensors, transducers, data acquisition and 
manipulation hardware, data Icquisition and manipulation software and the 
like. Exemplary robotic systerr\s are commercially available from CAVRO 
Scientific Instruments (e.g., ModeXNO. RSP9652) or BioDot (Microdrop Model 

:^nQQ). — - — 

Referring to Fig. 10 and Fig. 11, the ARSS 500 includes a sample 
holder 504 having a plurality of openings 506. The array of fabric samples 
502 is preferably confined to specific locations 508 located on the sample 
holder 504 with one to one correspondence between the specific locations 
508 and the openings 506, and that the array samples 502 do not overlap 
each other but include and extend beyond the regions defined by the diameter 
of the openings 506. It is also preferred that each opening 506 is surrounded 
by an indentation 507 in the sample holder 504 that restricts any horizontal 
movement of its respective sample 502. This indentation is similar to the 
indentation in the second plate 404 shown in Fig. 3C for the PDMA 100 
instrument. 

It is further preferred that each sample 502 is at least about 2 times larger 
than the diameter of the opening 506, more preferred at least about 5 times 
larger than the diameter of the opening 506, and most preferred about 10 
times larger than the diameter of the opening 506. The particular sample 
holder 504 shown in Fig. 10 and Fig. 1 1 contains a 4-by-6 rectangular array of 
fabric samples 502 located on 18 mm centers. However, the sample holder 
504 can be designed to contain any number of samples in an array. For 
example, the sample holder 504 can be designed to contain 4 or more, 8 or 
more, 16 or more, or 48 or more samples in an array. Those of skill in the art 
will appreciate that this is simply a matter of design choice and the invention 
herein is not limited to the specific embodiments described in detail. The size 
and shape of the openings 506 can affect the fabhc handle measurements 
and are taken into consideration in measuring the fabric handle of the array 
samples 502. For instance, the opening 506 need to be large enough for the 
sample 502 to collapse upon itself naturally but still has a portion of itself in 
physical contact with the walls of the opening 506 during the protrusions. 
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Referring to Fig. 11, one preferred leading edge 510 to tlie opening 506 
allows for a smooth transition for the sample 502 to transfer from a flat state to 
the bent and folded state which occurs during the protrusions. Thus, it is 
preferred that the opening 506 is constructed out of a smooth material or 
coated with a smooth material (e.g., a plastic layer, a coating, or the like). 
Although the openings 506 can be any shape and/or size, it is preferred that 
they 506 are funnel-shaped or otherwise a rounded or a tapered periphery 
with a diameter at the top of each funnel that is twice of the bottom diameter, 
and with the height of the sloped section at least equal to the height of the 
straight section. The alternative embodiments of openings shown in Fig. 3C-J 
are also applicable for the ARSS 500. Alternatively, the sample holder 504 
can have the same specifications as the sample holder 102 described above 
for the PDMA 100. 

The ARSS 500 also includes a probe 512 (or other similarly functioned 
device) having a blunt end for protruding the array 502. Alternatively, the 
probe 512 can be equipped with a blunt end test fixture 1 18 for protruding the 
array 502. The ARSS 500 can generally include as many probes 512 as 
desired, for example there may be as many as probes 512 as there are 
samples in the array 502 and in a preferred embodiment, the probes 512 have 
about the same lateral spacing as the openings 506 so that one probe 512 is 
associated with one opening 506 or sample 502. Alternatively, the ARSS may 
employ fewer probes 512 than samples in the array 502, so that a group of 
probes 512 protrudes multiple samples 502, or there may be more probes 512 
than samples in the array 502. Alternatively, there may be only one probe 
512 and the ARSS 500 includes a translation mechanism capable of three- 
dimensional motion, which is attached to the single probe 512 or to the 
sample holder 504 to allow high throughput screening in a rapid serial fashion.^ 
The ARSS 500 includi^ actuator(s) 514 for moving the probe(s) 512 
and the samples 502 in relatior\to each other. In one preferred embodiment, 
the actuator 514 is attached to fh^e probe 512 and the samples 502 remain 
stationary, in another preferred ernbodiment, the actuator 514 is attached to 
the sample holder 504 and the probe\^12 remains stationary. In yet another 
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preferred embodiment, both tHk probe 512 and the sample holder 504 have 

artuators 514 attached allowing bgfe^^ 

Referring to Fig. 12, there is a flow schematic diagram of the ARSS 
500 for rapid determination of the fabric hand of the array 502. Generally, the 
ARSS 500 includes a suitable protocol design and execution software 516 
that can be programmed with information such as location information or other 
information related to the samples 502 positioned with respect to a sample 
holder 504. The protocol design and execution software 516 is typically in 
communication with robot control software 518 for controlling a robot 520 or 
other automated system. The protocol design and execution software 516 is 
also in communication with data acquisition hardware/software 522 for 
collecting data from response measuring hardware 524. Preferably, the robot 
control software 518 commands the robot 520 having the probe 512 to 
protrude the samples 502 through the openings 506. At substantially the 
same time, the response measuring hardware 524 (e.g., sensors, 
transducers, load cells and the like) monitors the responses of the samples 
502 to the protrusions and provides data on the responses to the data 
acquisition hardware/software 522. Thereafter, the robot control software 
518, the data acquisition hardware/software 522 or both transmit data to the 
protocol design and execution software 516 such that information about the 
samples 502 may be matched with the samples' 502 responses to the 
protrusions and transmitted at data to a database 526. Once the data is 
collected in the database 526, analytical software 528 may be used to analyze 
the data, and more specifically, to determine the mechanical properties 
associated with the fabric hand of the samples 502 or the data may be 
analyzed manually. 

In a preferred embodiment, the ARSS 500 is employed in association 
with suitable software for combinatorial materials research, such as LIBRARY 
STUDIC^^, by Symyx Technologies, Inc. (Santa Clara, California); 
IMPRESSIONIST'^'^, by Symyx Technologies, Inc. (Santa Clara, California); 
EPOCH™, by Symyx Technologies, Inc. (Santa Clara, California); 
POLYVIEW™, by Symyx Technologies, Inc. (Santa Clara, California) or a 
combination thereof. The skilled artisan will appreciate that the above-listed 
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software can be adapted for use in the present invention, taking into account 
the disclosures set forth in commonly-owned and copending U.S. Patent 
Application Serial No. 09/174.856 filed on October 19, 1998, U.S. Patent 
Application Serial No. 09/305,830 filed on May 5. 1999 and WO 00/67086, 

5 U.S. Patent Application Serial No. 09/420,334 filed on October 18, 1999, U.S. 
Application Serial No. 09/550,549 filed on April 14, 2000, each of which is 
hereby incorporated by reference. Additionally, the system may also use a 
database system developed by Symyx Technologies, Inc. to store and 
retrieve data with the overlays such as those disclosed in commonly-owned 

10 and copending U.S. Patent Application Serial No. 09/755,623 filed on 
January 5, 2001, which is hereby incorporated by reference for all purposes. 
The software preferably provides graphical user interfaces to permit users to 
design arrays of fabric samples by permitting the input of data concerning the 
precise location on the sample holder 506 of each sample in the array (i.e., 

15 the address of each sample). Upon entry, the software will execute 
commands to control movement of the robot, for controlling activity at such 
individual address. Data obtained from the analysis can be compiled and 
analyzed. 

Optionally, the ARSS 500 further includes an environmental chamber 
20 for controlling the environment (e.g., temperature, humidity, etc.) of the array. 
An example of a suitable environmental chamber is a thermal jacket for 
heating and cooling the array 502 as desired (e.g., preferably between - 
100°C and 200°C). One preferred thermal jacket includes passages for 
receiving a heated or cooled fluid such as liquid nitrogen, water, steam or 
25 other suitable fluid from a fluid supply. The fluid from the fluid supply may be 
pumped to the thermal jacket with a pump that is controlled by a controller. 

Method of Screening Fabric Handle Using the Automated Rapid Serial 
System 

30 Referring to Fig. 10-12, the method of screening fabric handle using 

the ARSS 500 begins with placing the array of fabric samples 502 in specific 
locations 508 on the sample holder 504. Thereafter, the robot 520, preferably 
controlled by the robot control software 518, translates the probe 512 into 
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contact with each sample in the array 502. Alternatively, as discussed above, 
the translation can be achieved by the sample holder 504 or by both the probe 
512 and the sample holder 504. The translation is preferred to be conducted 
at a constant speed controlled by the ARSS 500. It is also preferred that the 
speed is less than 10 mm per second but greater than about 1 mm, but more 
preferably about 5 mm per second. After initial contact between the probe 
512 and the sample 502, continued translation causes the sample 502 to fold 
and is eventually forced through the opening 506 as the probe 512 protrude 
the sample 502. The protrusion typically requires, but is not limited to, a 
translation of at least about 15 to 20 mm. The translation from the point of 
first contact between the blunt end of the probe 512 and the sample 502 
should be a distance at least equal to, and preferably greater than, the radius 
of the sample 502. During the protrusions by the probe 512, each sample 502 
is preferably first contacted by the probe 512 at its center point and then 
becomes folded, sheared, bent, compressed, elongated, and rubbed against 
the interior wall of the opening 506. The response measuring hardware 524 
register all the forces transmitted through the probe 512 and the information is 
transfer to the data acquisition hardware/software 522. Thereafter, the robot 
control software 518, the data acquisition hardware/software 522 or both 
transmit data to the protocol design and execution software 516 such that 
information about each sample in the array 502 may be matched with its 
responses to the protrusions and transmitted at data to a database 526. 
Once the data is collected in the database 526, analytical software 528 may 
be used to analyze the data, and more specifically, to determine the 
mechanical properties associated with the fabric hand of each sample in the 
array 502 or the data may be analyzed manually. Generally, the output is a 
load-displacement curve as shown in Fig. 1 . 

Interpretation of the Load-Displacement Curve 

The load-displacement curve obtained during the high throughput 
fabric handle screening methods discussed above contains information about 
various mechanical properties associated with fabric handle such as bending 
modulus, shear stiffness, compression, friction, and extensibility. Due to the 
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extreme complexities of tine interactions of these mechanical properties 
throughout the duration of the screen, extraction of the various properties from 
the curve is extremely difficult. See Pan, Ning and Yen, K. C, "Physical 
Interpretations of Curves Obtained Through the Fabric Extraction Process for 
5 Handle Measurement," Textile Res. J. 65(5), 279-290 (1992). The maximum 
force reached during the protrusion is thus taken to be representative of the 
overall fabric handle, incorporating all of the various mechanical properties 
into one value. 

10 Screening Throughput 

The instruments described above in accordance with the present 
Invention can analyze an array having 2 or more samples, and preferably, at 
least 8 samples to ensure adequate screening throughput. Those of skill in 
the art will appreciate that lower or higher throughput may serve the needs of 
15 a particular application of this invention. Thus, 4 or more, 8 or more, 16 or 
more, 24 or more, or 48 or more probes in parallel are within the scope of this 
invention. These probes may all be in the same test fixture or in multiple test 
fixtures. 

As for screening throughput for parallel embodiments, up to 96 array 
20 samples may have their mechanical properties associated with fabric handle 
measured simultaneously in about 10 minutes or less, preferably about 5 
minutes or less and even more preferably in about 1 minute or less. In some 
parallel embodiments, screening throughput of even about 30 seconds or less 
may be accomplished for an array of the sizes discussed herein, e.g., up to 96 
25 samples in the array. 

For the rapid serial or the hybrid parallel-serial embodiments, fabric 
handle of each sample in the array is detected at an average sample 
throughput of not more than about 2 minute per sample. As used in 
connection herewith, the term "average sample throughput" refers to the 
30 sample-number normalized total (cumulative) period of time required to detect 
the fabric handle of two or more fabric samples within an array. The total 
cumulative time period is delineated from the initiation of the screening 
process for the first fabric sample, to the detection of the fabric handle of the 
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last fabric sample and includes any intervening between-sample pauses in the 
process. The sample throughput is preferably not more than about 30 
seconds per sample, more preferably not more than about 20 seconds per 
sample, even more preferably not more than about 15 seconds per sample, 

5 and most preferably not more than about 1 0 seconds per sample. 

It will be appreciated from the above that many alternative 
embodiments exist for high throughput fabric handle screening within the 
scope of the present invention. For example, instead of using probes, the 
PDMA 100 and the ARSS 500 can be configured to protrude the array 

10 samples by clamping, suctioning or pinching a portion (preferably the center 
portion) of each sample and pulling the sample through the opening. 
Accordingly, the methods and instruments discussed above are to be 
considered exemplary and nonlimiting as to the scope of the invention. 

15 EXAMPLE 

An example of the present invention is performed upon an airlaid non- 
woven fabric materials. The experiment begins with cutting an airlaid non- 
woven fabric material into a rectangle approximately 2"x1" in size and 
sandwiching between two pieces of polyester scrim to hold the fabric material 

20 together during the padding process. The fabric material is placed into a 
shallow container and soaked with 300 ml of binder solution (generally an 
emulsion). The binder solution is diluted down sufficiently so that the percent 
weight added on to the non-woven fabric material during this process is about 
15%. The wet fabric material is passed between two rubber-coated rollers 

25 with a self-adjusting gap to squeeze out the excess liquid and ensure a 
uniform distribution of polymer solids throughout the fibers. The sample is 
dried at 110°C for approximately 10 minutes, either with or without the scrim. 
Depending on the emulsion (i.e., is there cross-linker in the system), there is a 
curing step following the drying step at 130°C for 5 minutes. Thereafter, the 

30 fabric material is cut to form 4 fabric samples with each sample being a 2 cm 
diameter circle. This process of preparing the fabric samples is repeated 6 
times, each time with a different binder to yield an array of 24 fabric samples. 
The fabric samples are then arranged in a 4x6 array and centered over the 
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funnel-Shaped openings in the sample holder. For the 4x6 array, the outer lip 
of each of the funnel-shaped openings is 12 mm in diameter, and the inner 
opening is 6 mm in diameter. The centers of the openings are spaced 18 mm 
apart. After the array is placed onto the sample holder, they are then placed 
onto a cantilever-type load cell with a maximum allowable force of SON. The 
output of the load cell is a voltage, but a calibration curve can be used to 
translate the voltage into a force (in this case, the relationship is F=30.96*V). 
Using the robotics-control software, the center of the first opening and the 
center of the last opening are identified. The fabric hand screening is run 
using Symyx' Impressionist™ and Epoch^"^ software. The probe is translated 
to a position slightly above the sample centered on the opening, and moved 
the probe downwards at a relatively slow speed (-5-10 mm/sec), and collects 
the response of the load cell as force is applied to the sample. This is 
repeated for each sample on the array. When the program is finished with its 
data collection, a suitable fitting routine goes back and fits each peak in the 
voltage versus fime output, identifying such values as peak height and peak 
width. These parameters are saved to a database, from where they can be 
later retrieved along with the actual load-displacement curves. 

The screening process takes approximately 5 seconds per sample 
allowing the entire array of 24 samples to be screened in less than 2 minutes. 
The peak height of each of the load-displacement curves is used to rank the 
fabric hand of the 6 different binders. The ranking of fabric hand using the 
above-described rapid serial technique yielded results matching human panel 
fabric handle screens as shown in Table 1. The fabric materials are 
correlated from soft to stiff with increasing peak height. For comparison by a 
human panel test, panelists are asked to rank the fabric samples in the array 
from 1 to 6 for softest to stiffest. The total points a sample received is divided 
by the number of panelists to obtain the ranking. In the human panel test, half 
of the participants rank the array samples in the same order as the rapid serial 
test and the other half have two array samples switched. 
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Table 1 



Sample 


Peak height 


Force applied 


Ranl<ing by 


Identification 




to sample 


Human Panel 


A 


0.0552 


1.71 N 


1 


B 


0.0761 


2.36 N 


2 


C 


0.0786 


2.43 N 


3.5 


D 


0.1059 


3.28 N 


3.5 


E 


0.2604 


8.06 N 


5 


F 


0.2631 


8.15 N 


6 
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